Introduction
Metal Matrix Composites (MMCs) consists of matrix (continuous phase), which is usually a low-density alloy, such as aluminum, magnesium, titanium, etc, and it is reinforced with ceramics such as aluminum oxide (Al 2 O 3 ), silicon carbide (SiC), boron carbide (B 4 C), etc. MMC have enhanced mechanical properties such as high hardness, high strength, high wear resistance, etc. Therefore, it is found to be useful in various applications such as space shuttle, aerospace, electronics, defense, automobiles [1] . Due to the superior properties of MMCs, conventional machining of MMCs leads to excessive tool wear, high cutting forces, poor surface finish, poor dimensional accuracy, etc. Therefore, manufacturers and researchers use unconventional machining processes. Among the unconventional machining processes, abrasive waterjet machining (AWJM) has the unique advantages such as no thermal distortion on the workpiece, minimum stress on the target material, high machining versatility, high flexibility, etc [2, 3] . In AWJM, abrasive particle usually garnet is introduced in the high velocity waterjet stream in such a manner that water jet's momentum is partly transferred to the abrasive particles [4, 5] .
Literature review related to machining aspects of MMCs using AWJM are carried out [6] [7] [8] [9] [10] [11] [12] . From the literature review, it is found that several works have been attempted by researchers to machine aluminium based MMCs reinforced with SiC. It is also observed that there has been no attempt has been made to identify significant AWJM process parameters for MMC consist of Al 7075 reinforced with B 4 C. MMC consisting of Al+B 4 C has several potential advantages such has high hardness, high stiffness and high thermal stability. Therefore, in the present investigation an attempt is made for the first time on machinability studies of MMCs consists of Al 7075 reinforced with B 4 C in various proportion such as 5%, 10% and 15% in order to achieve higher MRR. 
Fabrication of MMCs and Experimental Details
Al 7075 is used as matrix material in the fabrication of MMCs. The chemical composition of Al 7075 alloy obtained with optical emission spectrometer as per ASTM E1251 is presented in Table I . The reinforcement, B 4 C is added in the form of particulate of size 37 µm, in various proportion of such as 5%, 10% and 15% by weight. The unreinforced Al 7075 and MMCs are prepared using stir casting process. During the preparation of MMCs, the Al 7075 was charged in a gas fired crucible furnace and heated upto a temperature of 750°C, for melting. Simultaneously, the B 4 C is preheated upto 800°C for about an hour in an electric furnace in order to improve the wettability by removing the absorbed hydroxide and other gases. The molten metal and B 4 C are added and stirred at 300 rpm for 15 minutes. During the process, degassing agent (hexa chloro ethane) of about 5 grams is also added in the molten metal in order to remove the slag. Thereafter, the prepared composites are poured in the die (trapezoidal shaped) and allowed to cool in the die at room temperature for about 3 hours. Fig. 1 shows the fabricated MMCs and unreinforcement Al 7075 (as cast). The presence of B 4 C in the composites materials has been identified using microscope and SEM. The images indicate uniform distribution of B 4 C particles in the MMCs (Fig. 2 and Fig. 3 ). The hardness is measured at three different locations on the workpiece using Vickers micro hardness tester. During the hardness measurement a load of 0.5 Kgf was applied on the specimen for 10 s and the values also recorded. The means hardness value of the fabricated materials of unreinforced Al 7075, Al 7075+5% B 4 C, Al 7075+10%B 4 C and Al 7075+15%B 4 C are found to be 93.4, 110, 116 and 120 VH respectively. It is observed that with the increase in the percentage of reinforcement of B 4 C, the hardness of the workpieces increases. (Fig. 4) . The input process parameter such as abrasive mesh size, abrasive flow rate, waterjet pressure and traverse rate are varied at three levels are shown in Table II . The machining is carried out using garnet abrasives. Experiments were conducted using orifice diameter of 0.25 mm, focusing nozzle diameter of 0.75 mm and jet impacting angle at 90° on a trapezoidal shaped workpieces based on the Response surface methodology (RSM) Box-Behnken method [13] . Fig. 5 shows the typical machined workpiece. The significant AWJM process parameters and their levels are identified using response graphs for achieving higher MRR in all the four fabricated workpieces using Design of Expert software. 
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Results and Discussion
The regression models for MRR are generated using the results obtained from experimental results (equation 4-7). Each regression model is then used for generating the 3D surface graph in order to analyze the effect of various combinations of input parameters on the output MRR in all materials (Fig.6 ). 
. Analysis of reinforcement Al 7075
Fig . 6 shows the response surface graphs that are resulted in higher MRR with various combinations of AWJM process parameters and their levels in the unreinforcement Al 7075. Fig. 6a shows that the higher MRR is achieved by varying the abrasive mesh size (#80-20) and abrasive flow rate (240-440 g/min), while waterjet pressure and traverse rate are maintained at any one levels (low, medium and high). Among these combinations, it is observed that by varying the abrasive mesh size (#80-120) and abrasive flow rate (240-440 g/min) while, the waterjet pressure is held at high level (275 MPa) and the traverse rate is held at low level (60 mm/min) leads to higher MRR. The MRR value achievable with the above combinations is found to be around 690 mm 3 /min (Fig. 6a) . Similarly, it is observed that higher MRR of about 690 mm 3 /min can also be achieved with different combinations of AWJM process parameters. They are detailed below.
It is observed that higher MRR of 690 mm 3 /min can be achieved by varying abrasive mesh size (#80-120) and waterjet pressure (125-275 MPa) with high abrasive flow rate and low traverse rate. The response surface for the above combination is shown in Fig. 6b . From the Fig. 6b it is observed that low abrasive mesh size (#80) and high waterjet pressure (275 MPa), leads to higher MRR. Similarly, higher MRR can be achieved by varying the abrasive mesh size (#80-120) and traverse rate (60-120 mm/min) with high abrasive flow rate and high waterjet pressure. The response surface for the above combination is shown in Fig. 6c . From the Fig.6c , it is observed that low abrasive mesh size (#80) and low traverse rate (60 mm/min), leads to higher MRR. Similarly, higher MRR can also be achieved by varying abrasive flow rate (240-440 g/min) and waterjet pressure (125-275 MPa) with low mesh size and low traverse rate. The response surface for the above combination is shown in Fig. 6d . From the Fig. 6d , it is observed that high abrasive flow rate (440 g/min) and high waterjet pressure (275 MPa), leads to higher MRR. Similarly, higher MRR can also be achieved by varying abrasive flow rate (240-440 g/min) and traverse rate (60-120 mm/min) with low abrasive mesh size and high waterjet pressure. The response surface for the above combination is shown in Fig. 6e . From the Fig. 6e , it is observed that high abrasive flow rate (440 g/min) and low traverse rate (60 mm/min), leads to higher MRR. Higher MRR can also be achieved by varying waterjet pressure (125-275 MPa) and traverse rate (60-120 mm/min) with low mesh size and high abrasive flow rate. The response surface for the above combination is shown in Fig. 6f . From the Fig.6f , it is observed that high waterjet pressure (275 MPa) and low traverse rate (60 mm/min), leads to higher MRR.
From the above analysis, it is observed that the combinations of AWJM input process parameter and their levels such as low abrasive mesh size, high abrasive flow rate, high waterjet pressure and low traverse rate results in higher MRR in the unreinforcement Al 7075.
The relationship between the input process parameters and the response (MRR) for unreinforced Al 7075 is expressed in the form of regression equation and it is given below.
MRR ( 
. Analysis of MMC
From Fig. 6 , it is observed that the higher MRR for unreinforced Al 7075 is found to be 690 mm 3 /min. Similar analysis is carried out for MMCs consists of Al 7075+5%B 4 C, Al 7075+10%B 4 C and Al 7075+15%B 4 C. The higher values of MRR for the MMCs are found to be 650 mm 3 /min, 550 mm 3 /min and 470 mm 3 /min respectively. This clearly indicated that with the increase in percentage volume of B 4 C particles in the MMCs, the MRR is found to be decreased. This is due to the fact that the presences of B 4 C in the MMC leads to increased strength and reduces the erosion rate during material removal [11] . However, the trend of significant process parameters and their levels for achieving higher MRR is found to be similar (i.e) low abrasive mesh size, high abrasive flow rate, high waterjet pressure and low traverse rate results in higher MRR in all the MMCs. The response equations for the MMCs are given below. 
From Fig. 6 , it is generally found that low abrasive mesh size (# 80) is the most influencing factor for higher MRR in all the materials studied in this work. Mesh size (#80) (0.177 mm) abrasive is bigger than that of the other mesh size of abrasives used in this work. This is due to the fact that bigger sizes of abrasives posses higher energy, which leads to higher MRR. In the case of abrasive flow rate, higher abrasive flow rate leads to higher MRR. This is due to the fact that an increase in abrasive flow rate results in increased number of abrasive particles impinging on the target material, which leads to higher MRR. In the case of waterjet pressure, high waterjet pressure increases higher MRR. This is due to fact of higher waterjet pressure, increases the kinetic energy of the jet and leads to higher MRR. In the case of traverse rate, it is found that a low traverse rate, results in higher MRR. This is due to the fact that during lower traverse rate, more number of abrasive particles will impact and participate in material removal process and hence results of higher MRR.
. Conclusion
The influences of the AWJM process parameter such as mesh size, abrasive flow rate, waterjet pressure and traverse rate are analyzed on the MRR while machining unreinforced Al 7075 and MMCs consists of Al 7075+B 4 C with different weight fractions (5 %, 10 % and 15 %) prepared through stir casting process. The experiments are carried out as per RSM Box Behken method. It is found that combinations of the AWJM process parameters and the levels such as low level abrasive mesh size (#80), high level abrasive flow rate (440 g/min), high level waterjet pressure (275 MPa) and low traverse rate (60 mm/min) are resulted is in higher MRR in all the materials studied in this work. Hence, these combinations are recommended for the AWJM of Al/B 4 C in order to achieve a higher MRR. However, these combinations have to be verified for achieving the lower R a . Regression equations are also established for the MRR for easier predication. The user can be directly equation without performing any trial run. The above research work will be useful for the machining aspects of MMCs (Al 7075/B 4 C) using AWJM.
Acknowledgements

